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Objectives. The purpose of the present study was to assess the 
effect of bridging collateral vessels on the success of coronary 
angioplasty ofchronic total occlusions inthe context of state of the 
art technology and operator skill. 
Background. Coronary angioplasty ofchronic total occlusions 
has been associated with relatively low success rates. Because the 
presence of bridging collateral vessels in chronic total occlusion 
has been reported to be the major predictive factor in procedural 
failure, angioplasty is often not recommended in patients with 
such vessels. 
Methods. Three hundred ninety-seven consecutive patients 
undergoing coronary angioplasty for chronic total occlusion were 
classified into two groups. Patients in group I had chronic total 
occlusion with bridging collateral vessels (97 patients, 109 total 
occlusions), and patients in e, roup II had chronic total occlusion 
without such vessels (300 patients, 324 total occlusions). 
Results. The mean ± SD duration of occlusion was 46 -+ 66 
months (range 2 to 170) in group I and 27 ± 39 months (range 2
to 112) in group II (p < 0.05, high power value 0.83, group I vs. 
group fl). Angioplasty for single-vessel disease was perfumed in 
a smaller proportion of patients in group I than in group II (22% 
vs. 36%, p < 0.05; power value 0.77). Procedural success was 
achieved in 82 chronic total occlusions in group I and 270 chronic 
total occlusions in group II (75% vs. 83%, p = 0.07; power value 
0.53). The rates of restenosis and reocdusion were 54% and 16%, 
respectively, for group I and 56% and 13%, respectively, forgroup 
II (p = 0.76, 0A6; power value 0.51, 0.47). Complications were 
minor with no Q wave infarction or requirement for urgent bypass 
surgery in either group. Of 81 patients with unsuccessful coronary 
angioplasty, 1 patient from group I (1%) and 3 patients from 
group II (1%) required pericardioeentesis because of cardiac 
tamponade. Guide wire manipulation did not impair the flow of 
bridging collateral channels in group I. 
Conclusions. Coronary angioplasty can open chronic total 
occlusions, with or without bridging collateral channels, for safe 
and effective r canalization without major complications. 
(J Am CoU Cardiol 1995;26:409-15) 
Chronic total occlusion has been considered an unsuitable 
lesion for coronary angioplasty because of the lack of success 
reported initially (1-10). Technologic advances and increased 
operator experience have allowed coronary angioplasty to be 
attempted in a large number of patients with chronic total 
occlusions. Recently, several investigators (11-13) have re- 
ported that increased operator experience with chronic total 
occlusion has resulted in improved technical success. However, 
it has been suggested (8-12) that the presence of bridging 
From the Department of Cardiology, The Center for Adult Diseases, Osaka; 
and the *First Department of Internal Medicine, Osaka Medical College, 
Takatsuki, Japan. This study was supported in part by a grant from Fukuda 
Denshi Inc., Tokyo, Japan. It was presented in part at the 66th Annual Scientific 
Sessions ofthe American Heart Association, Atlanta, Georgia, November 1993. 
Manuscript received May 19,1994; revised manuscript received October 30, 
1994, accepted March 31, 1995. 
Address for correspondence: Dr. lsao Kinoshita, First Department of 
Internal Medicine, Osaka Medical College, 2-7 Daigaku-cho, Takatsuki-city, 
Osaka 569, Japan. 
collateral vessels in dlronic total ocdusions i the major factor 
predictive of procedural failure. The vessel wall ot bridging 
collateral vessels urrounding chronically occluded lesions is 
fragile and prone to perforation during angioplasty (14). 
Therefore, total occlusion with bridging collateral channels has 
been considered a relative contraindication for coronary an- 
gioplasty (15). 
The present study is the first to assess the effect of bridging 
collateral vessels on the immediate and follow-up outcome of 
coronary angioplasty for chronic total occlusions in the current 
setting of improved technology and operator skill. 
Methods  
Study patients. Between March 1985 and August 1993, 
2,000 patients underwent coronary angioplasty at our institu- 
tion; 506 patients had chronic total occlusion of the target 
coronary artery. After August 1990, we began performing 
coronary angioplasty of chronic total occlusions with bridging 
©1995 by the American College of Cardiology 0735-1097195159.50 
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collateral channels without case selection. Coronary angio- 
plasty of 433 total occlusions was attempted in397 consecutive 
patients. To determine the influence of the presence of bridg- 
ing collateral channels in chronic total occlusions on immedi- 
ate and follow-up outcome, we classified the study patients into 
two groups. Patients in group I had chronic total occlusion with 
bridging collateral channels (97 patients, 109 total occlusions), 
whereas patients in group II had chronic total occlusion 
without bridging collateral channels (300 patients, 324 total 
occlusions). Patients with acute infarction were excluded from 
further analysis. All patients gave written informed consent 
before the procedure. In general, the indication to perform 
coronary angioplasty was either the presence of angina or 
positive results on stress testing. Coronary angioplasty was 
performed in asymptomatic patients with a suspicion of hiber- 
nating myocardium after myocardial infarction or in patients 
with evidence of silent ischemia demonstrated byelectrocar- 
diographic hanges or thallium scintigraphy. 
Definitions. From multiple angulated views, the site of 
coronary occlusion and the lesion characteristics were re- 
corded by two angiographers who had no knowledge of the 
final result of coronary angioplasty. Total occlusion was de- 
fined as an interruption of vessel continuity in the angiographic 
image of a major coronary artery without anterograde flow 
(Thrombolysis n Myocardial Infarction [TIMI] grade 0). Pa- 
tients with subtotaUy occluded vessels regarded as functional 
occlusions were excluded from further analysis. The duration of 
occlusion was estimated from previous angiographic data or 
from the date of myocardial infarction or was suggested by a 
marked abrupt change in the pattern of angina. A chronic total 
occlusion was defined as a total occlusion with an estimated 
duration >2 months. With this angiographic and clinical 
definition, the initial coronary angiogram documented 499 
chronic total occlusions during the study period, and coronary 
angioplasty was attempted in 433 (87%) of these lesions. The 
remaining 66 total occlusions in which angioplasty was not 
attempted were occlusions that had a duration of <2 months 
or that were not associated with the indications for angioplasty 
previously noted. Recorded angiographic haracteristics in- 
cluded the morphologic features of the occlusion (abrupt, 
tapered or diffuse); the presence of calcification; the presence 
of a side branch at the point of the occlusion; bending at the 
point of the occlusion, or vessel tortuosity proximal to the 
occlusion. The length of the occlusion was measured by 
cineangiography with manual calipers, and the vessel diameter 
proximal and distal to the occlusion was also measured by the 
edge detection method. The guiding catheter tip was used as a 
reference measure for classifying occlusions as either <5 mm, 
>5 mm, 5 to 20 mm or >-20 ram. The length of the occluded 
segment and distal vessel diameter were measured when there 
was good distal filling of the vessel by collateral circulation. If 
ipsicollateral channels were not present, then simultaneous 
injection, first into the contralateral vessel and then into the 
occluded artery, was performed, allowing determination f the 
true length of the occlusion (4). Angina was classified accord- 
ing to Canadian Cardiovascular Society criteria. Left ventric- 
ular ejection fraction was determined by left ventriculography 
performed with the use of biplane 30 ° right anterior oblique 
and 60 ° left anterior oblique projections. 
Angioplasty procedure. Before undergoing coronary an- 
gioplasty, all patients were pretreated with aspirin, 325 mg, and 
received heparin, 10,000 to 15,000 U intravenously. The angio- 
plasty procedure was performed by standard over the wire 
technique (16). Special care was taken to choose a guiding 
catheter that provided good backup support with a stable ostial 
position. Total occlusion was typically approached with a 
1.5-mm balloon catheter over a 0.014-in. (0.036-mm) flexible 
guide wire. This guide wire delivered the balloon catheter tip 
to the point of occlusion. If the wire was unable to cross the 
lesion, progressively stiffer wires were used. In August 1991, we 
began to aggressively use the stiff wire (a 0.014-in. Hi-Torque 
standard wire, ACS), and 75% of chronic total occlusions were 
performed with this wire. Once the occluded segment was 
crossed by the guide wire tip and confirmed to be intraluminal, 
it was then advanced as far down the vessel distally as possible. 
The 1.5-mm Cobra (SCIMED), 14K (Medtronic) or Sleek 
(Cordis) catheters could usually pass through the occluded 
segment, hough firm support provided by deep guide engage- 
ment of the coronary artery was frequently necessary. Initial 
inflations were performed across the lesion with pressures 
sufficient o achieve full balloon expansion. After these dila- 
tions, the predilated segment was recrossed with larger balloon 
catheters as appropriate. The procedure was abandoned when, 
after a total of -30 min of fluoroscopy, an occlusion could not 
be crossed with guide wires or when a major complication was 
encountered. In the present study, an average fluoroscopic 
exposure time of 32 _ 14 min (n = 433) was recorded for 
patients undergoing angioplasty. Exposure time was greater in 
patients with bridging than in those without collateral channels 
(35 _ 18 min in group I vs. 31 -_- 13 min in group II, p = 0.03; 
power value 0.47). Successful recanalization was defined as a 
lessening of the stenotic area by >-40% with full anterograde 
flow (TIMI grade 3) in more than two views without any major 
complications such as death, Q wave myocardial infarction or 
urgent bypass surgery. Angiographic features immediately 
after successful angioplasty were analyzed with respect to the 
residual diameter stenosis, minimal lumen diameter and the 
presence of complicated lesion morphology after angioplasty, 
such as small or large dissection, which may subsequently give 
suboptimal results. Suboptimal dilation was defined as a 
residual stenosis >50%. 
Follow-up. Follow-up angiography was performed in 307 
(87%) of 352 patients with successful angioplasty. The follow- 
up examination was routinely performed at 2.5 to 3 months 
(mean _ SD 78 +_. 22 days in group I vs. 81 +_ 24 days in group 
II, p = 0.45; power value 0.49) after coronary angioplasty or 
with the onset of recurrent symptoms. This interval was 
adopted because of the expected higher success rate for 
potential repeat recanalization. Restenosis was defined as an 
increase of >-30% in stenosis everity at follow-up relative to 
that immediately after angioplasty. Reocclusion was defined as 
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Table 1. Clinical Characteristics at Baseline 
Group I Group !1 p 
(n = 97) (n = 300) Value Test Power 
Age (yr) 65 -+ 10 62 ± 9 0.06 0.81 
Male patients 81 (83%) 252 (84%) 0.91 0.55 
Prior CABG 15 (15%) 48 (16%) 0.90 0.54 
Prior MI 68 (70%) 198 (66%) 0.46 0.5 
Angina class* 
0 17 (18%) 60 (20%) 0.59 0.48 
I-1I 35 (36%) 114 (38%) 0.73 0.5 
Ill-IV 45 (46%) 126 (42%) 0.45 0.49 
Extent of CAD 
1-vessel 21 (22%) 108 (36%) < 0.05 0.77 
2-vessel 45 (46%) 114 (38%) 0.14 0.51 
3-vessel 31 (32%) 78 (26%) 0.25 0.5 
*Canadian Cardiovascular Society classification. Values presented are mean value ± SD or number (%) of patients. 
CABG = coronary artery bypass graft surgery; CAD = coronary artery disease; MI = myocardial infarction. 
recurrent complete occlusion of the initially dilated total 
occlusion. 
Statistical analysis. Statistical analysis was performed by 
using the Student t test for comparison ofgroup means and the 
chi-square t st for comp-:'-on ot discrete variables. Values are 
given as the mean ,,alu,~ - SD. A p value < 0.05 was 
considered statistically significant. To facilitate detection of 
clinically meaningful changes, the alpha value was 0.05 and a 
power value (1-beta) >0.8 was considered a high power value. 
In this study, the size of the effect used for power calculation 
was 0.5 (50% change). 
Results 
Patient characteristics. The baseline clinical characteris- 
tics of the 397 patients in groups I and II are listed in Table 1. 
No major differences were noted between the two groups with 
respect to age, gender, history of prior bypass urgery, previous 
myocardial infarction or angina class. Approximately 70% of 
patients in both groups had a prior myocardial infarction, and 
18% of patients in group I and 20% of those in group II had 
silent ischemia. Angioplasty for single-vessel disease was per- 
formed in a smaller proportion of patients in group I than in 
group II (22% vs. 36%, p < 0.05; power value 0.77). 
Estimated duration of occlusion. The duration of occlu- 
sion was estimated for 71 lesions (65%) in group I and 187 
Table 2. Estimated Duration of Occlusion 
Group I Group II p Test 
(n = 71)* (n = 187)t Value Power 
Duration of occlusion 
(too) 
Mean ± SD 46 ± 66 27 ± 39 < 0.05 
Range 2-170 2-112 
Ocd~lsions of 2-too duration 7 (10%) 41 (22%) < 0.05 
[n,). (%) of pts] 
*,tData vailable for 65% and 58% of patients (pts), respectively. 
0.83 
0.99 
lesions (58%) in group II (Table 2). The mean duration of 
occlusion was 46 __- 66 months (range 2 to 170) in group I in 
contrast to 27 ___ 39 months (range 2 to 112) in group II. Seven 
lesions (10%) in group I in contrast to 41 lesions (22%) in 
group II were of 2 months' duration. Both the difference in 
mean duration of occlusion and the difference inthe number of 
lesions with a 2-month duration differed significantly between 
groups and had high power values (>80%). This result indi- 
cates that chronic total occlusions with bridging collateral 
channels may be associated with a longer duration than 
occlusions without such collateral cl=annels. 
Angiographic characteristics at baseline. The angio- 
graphic haracteristics for both groups are shown in Table 3. 
Left ventricular function, as assessed by ejection fraction, was 
similar in both groups. Both groups were similar with respect 
to the type of occlusion morphology and lesion length. Ap- 
proximately 60% of the target lesions had abrupt occlusions. 
The presence of calcification was seen more often in group I 
than in group II (33% vs. 23%, p < 0.05; lower power value). 
The frequency of the othcr variables was similar in both 
groups. 
Vessel diameter. Vessel diameter proximal and distal to 
the totally occluded lesion was measured in both groups. No 
differences were noted between the two groups for the mean 
proximal diameter of chronic total occlusions (2.4 -+ 0.6 mm in 
group I vs. 2.3 - 0.5 mm in group II, p = 0.25; power value 
0A4), but the mean distal diameter was greater in group I than 
in group II (1.3 -+ 0.5 mm vs. 1.1 +- 0.5 mm, p < 0.05: power 
value 0.89). This result indicates that occluded vessels of 
patients in group I often have distal flow through bridging 
collateral channels. 
Angioplasty results. Successful recanalization was achieved 
in 352 (81%) of 433 occlusions in which angioplasty was 
attempted (Fig. 1). In group I, 82 (75%) of 109 vessels were 
successfully recanalized with conventional guide wire systems 
and low profile balloons. In group II, 270 (83%) of 324 vessels 
could be successfully recanalized. There was no statistically 
significant difference in procedural success between the two 
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Table 3. Angiographic Characteristics atBaseline 
Group I Group II p 
(n = 109) (n = 324) Value Test Power 
LVEF (%) 55 -+ 14 54 _ 15 0.54 0.5 
Target vessel 
RCA 69 (62%) 87 (27%) < 0.01 0.99 
LAD 20 (19%) 142 (44%) < 0.01 0.89 
LCx 20 (19%) 95 (29%) 0.02 0.44 
SVG 0 6 (2%) 0.17 0.73 
Occlusion morphology 
Abrupt 71 (65%) 188 (58%) 0.19 0.47 
Tapered 28 (26%) 104 (32%) 0.21 0.45 
Diffuse 10 (9%) 32 (10%) 0.83 0.42 
Lesion length (ram) 
-=5 5 (5%) 29 (9%) 0.14 0.52 
5-20 65 (60%) 165 (51%) 0.12 0.73 
>-20 39 (35%) 130 (36%) 0.42 0.58 
Calcification 36 (33%) 76 (23%) < 0.05 0.49 
Side branch at TO 48 (44%) 122 (38%) 0.24 0.43 
Bending at TO 37 (34%) 131 (40%) 0.23 0.44 
Tortuosity of TO 21 (19%) 39 (12%) 0.06 0.39 
Values presented are mean value _+ SD or number (%) of patients. LAD = left anterior descending coronary artery; 
LCx = left circumflex coronary artery; LVEF = left ventricular ejection fraction; RCA = right coronary artery; SVG = 
~phenous vein graft; TO = total occlusion. 
groups. Thus, the success rate of recanalization was not 
influenced by the presence of bridging collateral channels in 
association with chronic total occlusions. 
Reasons for unsuccessful angioplasty (Table 4). Of 81 
cases (19%) in which dilation was unsuccessful, the most 
common reason for procedural failure was inability to cross the 
lesion with the guide wires (60% in group I vs. 65% in group II, 
p = 0.63; power value 0.48). Failure to cross the lesion or dilate 
it sutfieiently with a balloon accounted for 1 (2%) of 54 
technical failures in group II. Seven patients in group I and 12 
in group II had an angiographically obvious long intimal 
dissection with creation of a false lumen. In all of these cases 
the residual diameter stenosis was >60% because of compli- 
Figure 1. Comparison of initial success rate of coronary angioplasty 
for chronic total occlusions with (group I) or without (group ll) 
bridging collateral channels. Differences were not statistically signifi- 
cant. 
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cated lesion morphology. Four angioplasty procedures in 
group I and five in group II were terminated because of 
extravasation, but none of the patients ubsequently had a 
myocardial infarction. Among these patients with technical 
failures, one patient in group I and three patients in group II 
had cardiac tamponade because of vessel perforation. 
Angiographic features immediately after successful angio- 
plasty (Table 5). Angiographic features immediately after 
successful angioplasty did not differ between the two groups. 
Residual stenoses were -30% and minimal umen diameters 
were ~ 1.5 mm in both groups. Smooth dilations were obtained 
in ~50% of procedures in both groups. Large dissections were 
noted in 17% of cases in group I and in 20% of cases in group 
II. As a result, the proportion of suboptimal dilations was 
-20% in both groups (p = NS). 
Restenosis and reoeelusion rate. Three hundred seven 
(87%) of 352 patients who had a successful dilation returned 
for follow-up coronary angiography (Fig. 2). The restenosis 
rate at the time of follow-up angiography was 54% (39 
patients) in group I and 56% (132 patients) in group II. The 
Table 4. Reasons for Unsuccessful Angioplasty 
Group I Group I1 p 
(n = 27) (n = 54) Value Test Power 
Wire unable to cross 16 (60%) 35 (65%) 0.63 0.48 
Balloon unable to cross 0 1 (2%) 0.67 0.67 
Creation of false lumen* 7 (26%) 12 (22%) 0.71 0.51 
Extravasation 4 (15%) 5 (9%) 0.34 0.43 
Thrombus 0 1 (2%) 0.67 0.66 
*Includes cases with >60% diameter residual stenosis. Values presented are 
number (%) of patients. 
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Table S. Angiographi~- Features Immediately After Successful Angioplasty 
Group I Group 11 p 
(n = 82) (n = 270) Value Test Power 
Residual stenosis 32 ± 23% 30 ± 22% 0.48 0.5 
Minimal lumen diameter (ram) 1.5 -" 0.6 1.6 ± 0.7 0.21 0.47 
Smooth dilation 40 (49%) 135 (50%) 0.85 0.28 
Small dissection 28 (34%) 81 (30%) 0.48 0.47 
Large dissection 14 (17%) 54 (20%) 0.50 0.52 
Suboptimal dilation* 15 (18%) 57 (21%) 0.58 0.52 
*Defined as >50% diameter residual stenosis. Values presented are mean value ± SD or number (%) of patients. 
reocclusion rate was 16% (12 patients) in group I and 13% (31 
patients) in group II (p = NS). 
Complications. During the hospital stay, no patient in 
group I had a major complication such as death, Q-wave 
infarction or the need for urgent bypass surgery, but one 
patient in group II died of unknown cause. One patient in 
group I (1%) and three patients (1%) in group II required 
pericardiocentesis because of cardiac tamponade resulting 
from vessel perforation, as previously described, but all four 
patients had a benign course of treatment. There was no 
impairment of bridging collateral flow induced by guide wire 
manipulation i group I. 
Discuss ion 
With current improvement in both equipment and in- 
creased operator experiences, coronary angioplasty of chronic 
total occlusions has become an important interventional treat- 
ment. In some institutions, the recanalization of chronic total 
occlusions represents up to 20% of all procedures (6,11). 
Successful dilation of chronic total occlusion can be associated 
with a favorable long-term outcome (2,3,9,10,13,17) and can 
reduce the need for coronary artery bypass urgery (13,18,19). 
However, the success rate for this procedure isstill lower than 
Figure 2. Comparison of restenosis and reoeclusion rates between 
group I (with bridging collateral channels) and group II (without 
bridging collateral chan.~eis). Of352 patients with successful di ation, 
307 (87%) (72 patients in group I, 235 in group Ii) returned for 
follow-up coronary angiography after angioplasty with or without 
symptoms ofrecurrence. 
(%) ~ restenosis rate IO0- 
I ,| ! ~_reocclusion 
r " - -  0.76 "t ~ rate 
(power value--0.51 ) 
56% 54% 
50- ~ 0.46 
Group I Group II 
(n=72) (n=235) 
that for subtotal coronary stenoses, which is -60% to 70% in 
most reported series (1-13,17--19). Several investigators (8- 
12) have reported that the presence of bridging collateral 
vessels is the most powerful predictor of procedural failure. 
Stone et al. (11) and Maiello et al. (12) have reported that only 
18% and 29%, respectively, of lesions with bridging collateral 
vessels were successfully dilated. However, their studies in- 
volved few patients with such vessels, suggesting that patients 
with chronic total occlusion in association with such unfavor- 
able anatomic features were infrequently referred for angio- 
plasty. 
Procedural outcome. On pathologic study, bridging collat- 
eral channels appear as a dense plexus of microvessels that 
typically extend from the adventitia through the media into the 
thickened intima (14). These bridging vessels are thought to be 
vulnerable to perforation with stiff guide wires (15), Therefore, 
coronary angioplasty of such lesions has been assumed to 
result in an unfavorable outcome. Our study is the first to 
analyze the feasibility of performing coronary angioplasty of 
chronic total occlusions with bridging collateral vessels. Our 
procedural success was similar in patient groups with and 
without such vessels (75% vs. 83%, p = 0.07; power value 0.53; 
Fig. 1). This high success rate may be attributed to improved 
equipment evolution, as well as to refined angioplasty tech- 
nique, not a biased case selection (Fig. 3). 
Duration of occlusion and bridging collateral channels. 
Most investigators have found a high success rate for angio- 
piasty of vessels with a duration of occlusion of <6 months. 
The estimated uration of occlusion appears to predict the 
likelihood of a successful outcome lasting for several years 
(8-10). However, other investigators (2,3,6,11,13) have re- 
ported a less compelling association between the duration of 
occlusion and primary angioplasty success. Safian et al. (6) 
attempted coronary angioplasty in 60 patients with an esti- 
mated duration of occlusion >6 months; the primary success 
rate was 55%. DiSciascio et ai. (3) achieved successful ~esults 
in two of three selected patients with an occlusion duration of 
6 to 17 months. Additionally, Bell et al. (13) found no major 
differences in the rate of procedural success in their series 
when the duration of occlusion was analyzed as a dis:-rete 
variable. These reports uggested that angioplasty may be a 
reasonable approach, even for patients with long-standing 
occlusions. The presence of a well developed network of 
bridging collateral channels panning the occluded segments 
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Figure 3. Angiographie r sults of angio- 
plasty in a typical case with bridging co~. 
lateral channels. A, Before angioplasty, 
angiograms ofthe right coronary artery in 
the left anterior oblique view demon- 
strated total occlusion of the proximal 
segment with well developed bridging col- 
lateral channels. Occlusion morphology 
was of the abrupt ype. Special care was 
taken to choos~ a guiding catheter that 
provided good backup support with a sta- 
ble ostial position. B, Right anterior ob- 
lique view. The estimated duration of the 
occiusion was 8 years (96 months). C and 
D, Angiograms immediately after success. 
ful angioplasty demonstrate a good result, 
with minimal residual stenoses inboth the 
left and the right anterior oblique posi- 
tion. 
strongly suggests that collateral formation may be associated 
with more chronic occlusions. The present series also showed 
that chronic occlusions with bridging collateral vessels were 
more often seen in more extended coronary arteries with a 
longer duration of occlusion. These studies, combined with our 
data, suggest that patients should not be excluded from 
attempted coronary angioplasty simply on the basis of the 
presence of bridging collateral channels associated with long- 
standing occlusions. 
Operator experience and increased outcome. The primary 
success of angioplasty depends not only on the morphology 
and duration of the occlusion, but also on the equipment used 
and the experience ofthe operator. This latter aspect has been 
investigated in some recent reports (11-13) indicating that a 
learning curve related to the number of procedures performed 
for occluded coronary arteries is evident, as demonstrated for 
nonocduded stenoses (20). In our study, angioplasty was 
attempted in 433 (87%) of 499 coronary occlusions, indicating 
that improved outcome was not due to biased case selection. 
At the beginning of the study (August 1990), our most skillful 
operator had already performed >450 coronary angioplasties 
of chronic total occlusions. The procedural success rate for 
chronic total occlusions gradually increased from 53% before 
1990 to 8"-;% after 1992 (21) at our institution. Beginning in 
August 1991, we began to aggressively use a stiff wire (0.014 in. 
Hi-Torque standard, ACS), and 75% of chronic total occlu- 
sions were performed with this wire. 
There are two important factors in wire manipulation: 
1) Pushing the wire into the occlusion. The steerable wire 
(0.016 in. [0.041 era], USCI) and Magnum wire have also been 
used for this type of wire manipulation with less favorable 
results. 2) Intentionally rotating the wire toward the inner layer 
of the occlusion lesion to search for the true lumen. A stiffwire 
and increased proficiency in its use are necessary for this 
technique of wire manipulation. With aggressive but careful 
use of the stiff wire, the ability to cross chronic total occlusions 
may be greatly enhanced. 
Complications. The overall hospital mortality rate for this 
study group was 0.3% (one patient in group II). No patient in 
either group had an acute myocardial infarction or underwent 
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urgent bypass urgery during the hospital stay, indicatiag that 
coronary angioplasty of chronic total occlusions can be per- 
formed safely irrespective ofthe presence of bridging collateral 
channels. These observations support he findings of previous 
studies (1-13,17-19) in which the mortality rate associated 
with angioplasty of chronic total occlusions was between 0 and 
0.8%, and the need for urgent bypass urgery was extremely 
low. 
Restenosis and reocdusion. The restenosis rate after suc- 
cessful dilation of total occlusions has been reported to range 
from 43% to 75% (1-13). The rates of restenosis and reocclu- 
sion of 54% and 16%, respectively, for group I and 56% and 
13%, respectively, for group II in the present study are 
consistent with these published rates. As with many other 
studies of restenosis, an accurate restenosis rate could not be 
determined because angiographic follow-up was incomplete. 
The present observations are unus~,al because 87% of the 352 
successfully treated patients returned for follow-up coronary 
angiography after angioplasty with or without recurrent symp- 
toms. However, angiographic follow-up, even though it was 
obtained in a high proportion of the study patients, was 
performed 2.5 to 3 months after angioplasty and may not have 
captured all the restenoses that might occur, as restenosis can 
occur up to 6 months after angioplasty. Also, the 75% success 
rate with bridging collateral channels and the restenosis rate of 
54% at 3 months demonstrate hat angiographic success is 
achieved in approximately one third of patients, indicating 
that, despite its relative safety, this procedure iscomparatively 
less successful than are most recommended interventions. 
The observed high incidence of restenosis and reocclusion 
may be explained by the fact that ~20% of successful angio- 
plasty procedures resulted in suboptimal dilations that in- 
cluded postangioplasty complicated lesion morphology. New 
technologies, uch as coronary stenting, directional coronary 
atherectomy, laser angioplasty and low speed rotational coro- 
nary angioplasty, ~:,y be possible strategies to reduce the 
nula,,er of suboptimal results by restricting or reducing the 
obstructive atheroma from the arterial umen. Use of these 
new devices may complement or improve on the results 
obtained with conventional equipment. 
Clinical implications and conclusions. The present results 
were based on increased operator experience with coronary 
angioplasty for chronic total occlusions. That is, at the begin- 
ning of this study, our most skillful operator had already 
performed >450 angioplasty procedures on chronic total oc- 
clusions and had achieved an improved outcome (21). There- 
fore, our data are not directly applicable to all operators who 
are not proficient in using the stiff wire. With the currently 
available techniques and increased proficiency in using the stiff 
wire, coronary angioplasty allows the safe and effective re- 
canalization of chronic total occlusions with or without bridg- 
ing collateral channels. 
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